ABSTRACT
INTRODUCTION
Indonesian assumes having lighter skin is beautiful. It associated with the perception that having lighter skin is something prettier and nicer. It motivates Indonesian women to use skin-lightening product. 1 Melanin synthesis was the major source of skin color and played an important role in protection of UV. 2 Although many mechanistic points could be targeted, tyrosinase inhibition is the most common approach to achieve skin whitening effect. Ingredients such as hydroquinone, ascorbic acid, and retinoic acid are used as whitening agents to lighten the skin. However, despite their benefits, these whitening agents would cause some harmful side effects resulting in limited application. Therefore, there is an increased interest in whitening agents obtained from natural products since plants are known to be a rich source of bioactive chemicals, are mostly free from harmful side effects. 3 Recently, there is ongoing effort to search for tyrosinase inhibitor from them. 4 Natural whitening products that inhibit tyrosinase can roughly be differentiated into two categories, simple phenols, and polyphenols. Flavonoids belong to the best-studied group of plant polyphenols. They are used in numerous natural medical treatments because of a number of beneficial effects such as anticancer, anti-inflammatory, and protection against UV. Some of these effects are based on the modulation of the immune system, but others are related to the antioxidant and ROS scavenger capacities and the possibility to chelate metals at the active site of metalloenzymes. They can also have hypopigmented effects, as they can directly inhibit tyrosinase and can act on the distal part of the melanogenesis oxidative pathway. 5 Snake fruit (Salacca edulis Reinw) belongs to the class of Salacca originated from South East Asia. There are many snake fruit cultivars in Indonesia; it is well known in Java, Sumatera, and another island. There is some variety of snake fruit such as Manonjaya, Bongkok, Banjarnegara, Condet, Pondoh, Bali, Enrengkang, and Sidempuan. Most of the snake fruit have an astringent taste and are not sweet. Snake fruit (Salacca edulis Reinw.) var. Bongkok, which grows in Sumedang Regency, West Java, are considered as unfavorable fruit and wasted product. However, it contains flavonoid, alkaloid, terpenoid, tannin, and quinine compound groups, but not saponin. In 2003, the harvested snake fruit var. Bongkok decreased by 24 %, leading to near extinction. 6 Several studies have reported about total polyphenol and antioxidant activity of snake fruit, however study on its inhibition of tyrosinase activity and its efficacy as skin lightening agents in human skin had not been done. This study investigated the potential of snake as skin lightening agent.
MATERIAL AND METHODS

Materials
The snake fruit (Salacca edulis Reinw) var. Bongkok was collected from Conggeang a sub-district of Sumedang, West Java, Indonesia. The flesh of snake fruit was macerated in ethanol 96% and kept in a The Efficacy Study of Snake Fruit (Salacca edulis Reinw Var. Bongkok) Extract as Skin Lightening Agent container for 3 days before it was filtered. The filtrates were evaporated at 40°C.
Antioxidant Activity Assay
The DPPH radical scavenging activity was evaluated according to the procedure in the previous study. 7 The extract solution (0.5ml) in methanol and L(+) ascorbic acid in demineralized water was added in DPPH methanol solution. The reaction mixture was incubated for 30 minutes at room temperature (37°C). The absorbance was measured at 517 nm using a spectrophotometer (UV-1601 Shimadzu). L(+) ascorbic acid was used as positive control. The concentration of sample extract was measured at 1%, 3%, and 5%. Inhibition of DPPH free radical in percent (%) was calculated as:
Where A c is the absorbance of the control reaction (containing all reagents except the sample extract) and A s is the absorbance of the sample extract.
Tyrosinase Inhibition Activity Assay
This assay was performed using methods similar to the previous study with L-tyrosine as a substrate. 8 The sample extract solution and hydroquinone diluted with phosphate buffer then added with L-tyrosine. The mixture was incubated for 60 minutes at room temperature (37°C) and absorbance was measured at 475 nm (UV-1601 Shimadzu). The extracts were tested at the concentrations at 1 %, 3%, and 5%. Hydroquinone, which was used as positive control was also tested at concentrations at 1%, 3%, and 5%. The percentage tyrosinase inhibition was calculated as follows:
Where Ab is the absorbance of the control reaction (containing all reagents except the sample extract), At is the absorbance of the sample extract with tyrosinase and Ao is the absorbance of the sample extract without tyrosinase enzyme.
Clinical Study
Design
After receiving approval from Ethics Committee of Research and Development of the Indonesian Ministry of Health, the clinical study was performed as a randomized double-blind study.
Methods
Each randomly chosen subjects were given 2 different creams to be applied twice daily. One cream was base (no extract) and the other was the tested formula containing 3% snake fruit ethanolic extract. Each cream was marked with "right" or "left" indicating application of that cream to the respective forearms. The skin melanin index was measured with Mexameter MX 16 (Courage-Khazaka, Cologne, Germany ) at day 0 (baseline), 14 days and 28 days. Three mexameter readings per test site (inner forearms) were taken during each visit and the average was recorded as the final mexameter reading, per test site.
Subjects
The study protocol was approved by Ethics Committee of Research and Development of Indonesian Ministry of Health. Informed consent was explained to the patients by investigators and they agreed to participate by signing a written consent form. 17 subjects were selected for the study using the following criteria. Inclusion criteria were 18-45 years old women having a healthy and normal skin, exhibiting darker skin with melanin index ranging from 483-588 units, signing the informed consent, not using other daily topical products, and not wearing long sleeves shirt during the clinical trials period. Exclusion criteria were subjects with skin disorders, breastfeeding, menopause, smoker and used topical products that interfere skin condition in their daily use.
Statistical Analysis
The data was presented in terms of mean and SD, analyzed by analytical t-test statistics using the SPSS statistical software package. The p-value of less than 0.05 was considered, statistically significant.
RESULTS AND DISCUSSION
Antioxidant Activity Assay
The result showed that snake fruit ethanolic extract has a high antioxidant activity. The scavenging effects of the ethanolic extracts from Salacca edulis Reinw on DPPH radicals increased with increasing concentrations. Comparison of potency antioxidant activity of ethanolic extracts with ascorbic acid at various concentrations shown in Figure 1 . In Figure 1 , ascorbic acid assumed to have baseline antioxidant potency thus noted to have 100% antioxidant effect. The 5% concentration of the extract showed the strongest antioxidant activity (99,5% antioxidant potency compared to ascorbic acid). The 1 % concentration to 3% concentration significantly increased compared than 3% concentration to 5% concentration of the extract. The result was similar to a previous study that reported snake fruit as a tropical fruit that is rich in antioxidants. 9 The antioxidant activities of the extracts (using DPPH assay) were highly correlated with total phenolic and moderately correlated with flavonoid content. 10 
Tyrosinase Inhibition Activity Assay
The tyrosinase inhibition activity increased with increasing concentration of snake fruit ethanolic extract which is reported in Figure 2 . Hydroquinone was set as the baseline and thus assigned 100% tyrosinase inhibition activity.The ethanolic extract with 5% concentration showed the highest tyrosinase inhibition activity (18,71% potency when compared to hydroquinone's tyrosinase inhibition activity) as shown in Figure 2 . The reason for this results is that some studies reported flavonoid had the capability to inhibit tyrosinase activity but those of compounds from the flavanol group were still limited. Snake fruit extract contains epicatechin, one of flavanol group substituents. Batubara et al showed that epicatechin had tyrosinase inhibition activity. 11 However, compared with hydroquinone, tyrosinase inhibition of snake fruit ethanolic extract was extremely low. This could be related to the current paper decision to use crude extract, and thus there were other components that may still be in the extract and affect this activity.
Efficacy Study
Statistical analysis with t-test showed no significant differences in skin melanin index with base cream (p>0.05).
The cream containing snake fruit ethanolic extract showed the significant differences in skin melanin index with t-test statistical analysis (p<0.001). The result is similar to the paper by Kiefer et al. that shows skin melanin index was reduced by snake fruit ethanolic extract. Considering that the study concluded that flavonoid from various citrus extracts was very effective in brightening the skin tone, it means that flavonoid from snake fruit ethanolic extracts might play a role in decreasing human skin melanin index 12 (Table 1 and 2 ).
Statistical analysis with t-test showed the significant differences in skin melanin index between base cream and ethanolic extract cream (p<0.05) that shown in Table 3 .
CONCLUSION
The current paper is concluded that ethanolic extract of snake fruit have high antioxidant activity at 1%, 3%, and 5% concentrations. Furthermore, in terms of tyrosinase inhibition activity, snake fruit ethanolic extract have inhibition activity at only 3% and 5% concentration. The current paper also reported that cream containing snake fruit ethanolic extract were able to reduce melanin index after 28 days of application. This suggested that snake fruit ethanolic extract can be used as a raw material for skin lightening agents thus opening new avenues for future research and development.
